ABSTRACT
1.
Introduction 30 Cardiovascular diseases (CVD) are the major threat to global public health and the leading 31 cause of mortality among patients with chronic non-communicable diseases. Elevated serum 32 total cholesterol, low-density lipoprotein cholesterol (LDL-C) and triglycerides (TG) have 33 been recognized as the most risk factors for cardiovascular and coronary heart diseases. 1 
34
Furthermore, the oxidative modification of LDL-C has been found to be a critical event in 35 triggering the development of atherosclerosis. 2 The "Mediterranean" dietary pattern has been 36 found as one of the most effective types of protection against CVD along with the 37 consumption of adequate amount of fruits and vegetables. 3 In some previous studies, 38 although the cardio-protective properties of fruits and vegetables were attributed to their high 39 level of fiber 4 and phytochemicals, [5] [6] [7] [8] [9] extensive epidemiological evidence suggests that the 40 dietary intake of fiber along with phytochemicals reduces the cardiovascular mortality by 41 modulating oxidative status and ameliorating dyslipidemia.
10,11

42
Epidemiologic data from World Health Organization (WHO) revealed the 43 discrepancies in cardiovascular mortality among cohorts from 17 western countries compared 44 to a cohort of subjects from Toulouse, France. 12, 13 This counterintuitive finding, termed 45 "French paradox", stimulated further research that led to several possible explanations for 46 this discordance. We hypothesized that the increased consumption of grapes (Vitis vinifera) 47 and grape products in Mediterranean countries might be one of the reasons for lower death 48 from cardiovascular diseases.
49
Evidence from 6000 years ago recovered from archaeological investigations in Egypt protective properties. 15 The concentrations of these compounds are varied based on the 53 variety of grapes, climate and light, ripeness, processing and storage condition. 16 
54
Several types of grapes have been studied, but some research indicated that darker 55 varieties are more beneficial for humans due to their higher content of phytochemicals. along with the objectives of the study.
76
The inclusion and exclusion criteria of patients in this study are shown in Table 1 
Results
179
Out of 100 participants screened, 69 satisfied the entry criteria and completed the study. The 180 characteristics of the patients confirmed that the groups were well matched for all entry 181 criteria ( Table 2 ). There were no significant differences between the groups in total energy 182 intake, micro-and macronutrient intake or body weight at baseline. Physical activity was 183 unchanged during the intervention in all groups (data not shown).
184
After an 8-week intervention period, the concentrations of TBARS were decreased by 185 23% (p<0.001) and 6% (p=0.02) in Condori red and Shahroodi white grapes consuming 186 group, respectively ( Table 3) . Analysis of covariance between groups showed a significantly 187 higher reduction in TBARS in the red grape group than the white grape and control groups 188 (Table 4) . Total antioxidant capacity (TAC) was significantly increased (p<0.001) in the red 189 grape and white grape groups (Table 3) compared to the base line data ( Table 2 ). The (Table 4) .
193
At the end of the study, the total cholesterol concentration was 9% (p= 0.001) and 8%
194 lower (p=0.005) in the red grape and white grape consuming groups respectively compared to 195 the baseline (Table 3 ). The reduction of total cholesterol was significant (p=0.04) in the red 196 grape group but not in the white grape group compared to the control group (Table 4) .
197
The level of LDL-C was 14% lower (p=0.001) in the red grape group and 10% lower 198 (p=0.04) in the white grape group after the intervention (Table 3) when the reduction was 199 significant only for the red grape group compared to the control group (p=0.01) ( Table 4) .
200
No significant changes in fasting blood glucose, TG or HDL-C were observed within 201 or between the groups after the intervention ( higher TAC in the red compared to the white grape consuming group.
235
The difference in the anti-oxidative characteristics of Condori red grapes and
236
Shahroodi white grapes are also likely related to differences in the chemical compositions of Some studies found at least 25 times more athocyanins in red grapes than in white grapes. 33 
243
Among fruit pigments, anthocyanins have been recognized as a potent antioxidant 244 polyphenol. In this connection, serum anthocyanin concentration is directly related to serum 245 total antioxidant capacity. Mazza et al. 34 and Choi et al. 35 have suggested that anthocyanins 246 likely to play an important role in the activation of NADPH oxidase, which leads to an 247 increase in circulating TAC. 34, 35 Delphinidin, the major subset of anthocyanins in dark 248 grapes, has been reported to exert an anti-atherosclerotic action by protecting vascular 249 endothelial cells against oxidized LDL-induced endothelial dysfunction. 36 According to the 250 results of the above-mentioned studies, some of these mechanisms might be involved in
251
showing lower lipid peroxidation (TBARS) and higher TAC of red grapes compared to the 252 white grapes in our study.
253
On the other hand, the β-carotene content of white grapes is responsible for their 254 bright color. 37 Several studies have reported a pro-oxidant role for β-carotene in humans.
38-40
255
Rozenberg et al. 40 found that white grape consumption by mice made diabetic resulted in a
256
22% increase in macrophage total peroxide levels and a 45% decrease in cellular glutathione 257 content. 40 Consequently, the lack of anthocyanins accompanied by augmented β-carotene circulating LDL-C. [43] [44] [45] [46] Zern et al. 46 also concluded that grape polyphenols, like fiber, can 269 interfere with cholesterol absorption. 46 Therefore, despite the high fiber content of Shahroodi 270 white grapes, their low polyphenol content is likely to be responsible for the null effect on 271 serum cholesterol levels compared to the control group. In contrast, significantly lower serum 272 total cholesterol as well as LDL-C in the red grape consuming group compared to white 273 grapes consuming and control groups (Table 4 ) might be due to higher polyphenol content.
274
In present study, we instructed the participants to consume whole grape berries, whereas studies of the effect of whole grape berries on lipidemic parameters reported 278 significant outcomes. 20 There is a consensus that the hypolipidemic effect of grapes may be 279 the result of the synergic effects of several compounds rather than a single compound. 48 Data are presented as mean ± SD. One-way ANOVA was used to assess the treatment effects between the groups. Unpaired t-test was used to compare the significant effect between two groups.
*Significantly different in each of the two treatment groups compared to the control group p<0.05). Polyphenol(mg) Fiber (mg)
